Power quality is an important problem which has to be considered carefully in mining 
Introduction
India's electricity sector consumes about 72% of the coal produced in the country. Longwall coal mining is an efficient mining method that can extract a high percentage of coal from a seam.
In a Longwall coal mine, two long, horizontal and permanent tunnels known as gate-roads are cut into a coal seam to form the boundaries for a large rectangular block of coal, known as a Longwall panel [1] . Each gate-road is typically 5-6-m wide. A typical longwall panel is 200-400 m wide, and 2-5 km long, which is the length of the gate-roads. Figure 1 shows the perspective view of longwall mining system where major pieces of mining equipment are installed across the longwall face. Longwall mining is a method for extracting coal from underground mines. The mining technology involves a longwall shearer, which is a 15 m long, 100 tones machine that has picks attached to two drums, which rotates at 30-40 rev/min. A longwall face is the mined area from which material is extracted. The shearer removes coal by traversing a face at approximately 25 min intervals [2] . The three main items of longwall mining equipment installed on the face are the shearer, which cuts the coal, the armored face conveyor, which guides and locates the shearer and transports the coal to a conveyor system in the gate-road and the roof support system. The armored face conveyer has twin steel chains, which are sprocket driven by 800-1500 kW motors situated in the gate-roads [3] . Figure 2 shows shearer cutting in a Mine -A. Therefore, the equipments used in underground coal mine are induction machines which are rated high because high torque is required for cutting of coal. Power consumption in a longwall face is the highest in underground mines. These motors are sensitive to voltage fluctuations as torque is proportional to square of the voltage. Generally mining industries are located in remote areas and in underground mines transformers are not allowed inside the mines for safety purposes as per Indian Electricity Rules Act 1956, and hence cables are used in underground mines for transmission of power [4] . As we go deeper in mines the level of voltage goes on decreasing.
Therefore, there will be voltage sag on the machines, so that voltage fluctuations increases on the machines which indirectly affects the torque of the machine. Voltage sag causes machines to trip which in turn results in lengthy delays which causes production and revenue loss to the mining industry. Voltage sag is an important power quality problem. The main target in designing and operating a mine is to safeguard for the electrical machines and workers, with an increasing tendency in increasing the power quality. In order to maintain constant voltage, there should be some compensating devices to compensate voltage sag.
There are many compensating devices in the literature among them is Custom Power Devices (CPD). In this paper DSTATCOM is used as one of the CPD for improving power quality. The viability of DSTATCOM based on the utilization of control algorithms for producing switching signals for the voltage source converter [5] . In order to control DSTATCOM, many controllers are reported in the literature many CPD'S are proposed and developed to nullify various PQ issues in a distribution system. These CPD'S are categorized as DSTATCOM, inverter module, an AC filter and PWM control strategy [11] . Figure 3 gives the schematics of a control framework utilizing DSTATCOM. DSTATCOM is regulated by means of Pulse Width Modulation (PWM) generator. Output of the model is processed with an error detector and it is fed to a fuzzy logic controller. The output angle 'δ' of controller is phase modulated depending on the controller actions. These signals are provided to PWM generator and the output of the PWM generator will compensate the voltage sag and improves the performance of DSTATCOM [9] . 
PI controllers
The main aim of PI controller scheme is to maintain constant voltage magnitude at the point where a sensitive load is connected, under system disturbances. The control system only measures the RMS voltage at the load point, i.e., no reactive power measurements are required [11] . The VSC switching strategy is based on a sinusoidal PWM technique which offers simplicity and good response. Since custom power is a relatively low-power application, PWM methods offer a more flexible option than the Fundamental Frequency Switching (FFS) methods 
Since the dqo transformation is one that converts frequency dependent signals into ones with constant value, an ideal three phase system yields constants Vd and Vq. These voltage Vd and Vq are compared with a reference voltages and these are transformed to dq0 to abc transformation which is given to Hysteresis voltage controller block which is shown in Figure 46 . The transformation is given below.
where w= rotation speed (rad/s) of the rotating frame.
Fuzzy logic controller
The Figure 8 shows the block diagram of the fuzzy logic controller. 
Results and Discussion
Simulation model of a DSTATCOM is developed for a three phase distribution system in MATLAB environment using SIMULINK and Sim Power System (SPS) toolboxes. The system voltage is 3.3 kV, 50 Hz and its ratings are shown in Table 2 . In order to show the adequacy of 
Without controller
In this section test system is first simulated without DSTATCOM in order to show the voltage sag problem. Voltage sag is observed in the system by connecting breaker to loads for certain time period. In this case, three loads are connected to the system from 0.05 s to 0.15 s, 0.20 s to 0.30 s and 0.35 s to 0.45 s which is shown in Table 3 . A voltage sag occurs and there is no control over the system. Before compensation THD observed is 27% which is shown in Table   3 and simulation results are shown in Figure 9 . We can observe from the load voltage output that, there are harmonics present in the system which are harmful to the system. In order to reduce sag and harmonics, we need to use controllers, these controllers are discussed in the next section. The load voltage magnitude observed is 0.55 pu. 
i. PI controller
PI controller is used as a controller in the system and simulation results are shown in Fig.10 (a) three phase load voltage magnitude and (b) three phase load voltage. We can observe from the results that before compensation THD was 27% whereas after compensation THD reduced to 13.33 % which is shown in Table 3 , but complete compensation is not achieved still there is voltage sag and harmonics present in the system which is undesirable. Therefore due to the present of voltage sag in the system reactive power compensation achieved is not satisfactorily.
The load voltage magnitude observed from the results is 0.96 pu. 
Hysteresis voltage controller
When this hysteresis voltage controller is introduced results show that THD is reduced to 5.37 % when compared to THD of PI controller which is given in Table 3 and simulation results are shown in Fig.11 (a) 
Fuzzy logic controller
In this section, Fuzzy logic controller based DSTATCOM is introduced and results show that, THD is decreased to 1.51 % which is given in Table 3 . Results are shown in Figure 12 The comparative study is based on the THD of the load voltage which is given in Table 3 . 
